Leakage rates were determined from leaf cells loaded with rubidium and I'Hlleucine. There was a differential response between leucine and rubidium leakage depending upon the species used. The rate of leucine leakage shows a small decline below 5 C for two altitudinal variants of Lycopersicon hirsutum Humb. and Bonpl., whereas Lycopersicon escudentum L. showed a marked increase below 5 C. Rubidium showed a marked increase in leakage rate below 10 C with the altitudinal variants, with only a slight increase for the L escuientum species. A rough relationship existed between rubidium leakage rate at 1 C and the altitude of origin of the L hirsutum race, the low altitudinal forms having higher leakage rates than the higher altitudinal variants. The L esculentum lines show a rubidium leakage response similar to that of the high altitude L. hirsutum variants. Higher leakage rates were obtained if the calcium concentration in the medium was less than 1 millimolar and upon addition of metabolic poisons and detergents.
Changes in the physical state of membranes at chilling temperatures are thought to be responsible for the increased leakage of cell electrolytes from the tissue of chilling-sensitive plants (8, 9) . Liebermann et aL (7) found 5 times as much potassium leakage from sweet potato roots after 10 weeks storage at chilling temperatures. There was also enhanced leakage of electrolytes from leaf tissue (3, 11, 19) and fruit tissue (16) at chilling temperatures. The results of Tatsumi and Murata (16) showed that fruit pitting, a symptom of chilling injury, was visible after 5 days whereas leakage did not increase until the 7th day. This indicated that the injury was localized and the assay not sensitive enough to detect the earlier leakage changes that were visually apparent. Using narrow (1 x 3 mm) leaf strips which would avoid this problem, Patterson et al. (11) found two phases of ion leakage at 0 C: a relatively slow initial phase, followed by a rapid loss of most of the electrolyte. In the most chilling-sensitive Passiflora species used, the two phases could not be separated. ' The most recently mature leaf of the wild and domestic tomato was obtained from plants grown in liquid culture as described (13) . Leaf material of other species was from plants grown in a way similar to that described (11) . All plants were grown in a glasshouse set to 25/18 C day/night cycle under natural day lengths of about 12 to (Fig. 3) , L. hirsutum (Fig. 4) , and mung beans, cabbage, and lettuce (Fig. 5) . The leakage rate of labeled leucine from leaf tissue decreased with a lowering of temperature from 10 to 5 C. Below this temperature, the rate of leakage increased in the chilling-sensitive species L. esculentum (Fig. 3a) and mung beans (Fig. 5a) . The leakage rate of the wild tomato (L. hirsutum) was not greatly affected by temperature (Fig. 4a) . A qualitatively similar response was obtained with rubidium (Figs. 3b, 4b, 5b) , although the decline in rate down from 10 to 5 C was not as great as [3 H]leucine, except for cabbage which showed a continuous decline in leakage rate with lowering of temperatures (Fig. 5b) . The increase in rate below 10 C was considerably greater for the L. hirsutum altitude variants (Fig. 4b), especially when compared to [3 H]leucine leakage from the same material (Fig. 4a) . There was little difference between Rutgers and PI-341985 when the ratio of leakage rates at I and 20 C are compared, although Rutgers tended to be higher than PI-341985.
A similar ratio for the L. hirsutum altitudinal variants showed a rough inverse relationship between leakage ratio at I and 20 C and altitude of origin, the lower altitude forms having a hger ratio than the hger altitude forms. The difference in the temperature response of the two nominally cilling-resistant species, cabbage and lettuce (Fig. 5b) (Fig. 2) . Similar effects of Ca on liposome permeability have been reported (17) . The decline in leucine leakage rate after 3 h, particularly at I C, would suggest first order kinetics, 73% of the total leucine having been lost at this time. The initial period has a linear leakage rate due to a possible balance between diffusion out through the cell membrane and the cell's ability to take up leucine, this ability to continue taking up lost cell leucine declining with time due to other chilling-induced metabolic disruptions. This does not seem to be the case, as there is a similar decline at nonchilling temperatures (18 C) and metabolic poisons and detergents increase the leakage rate indicating that the more likely cause for the higher leakage rate at I C is due to increased membrane leakiness to leucine at chilling temperatures. A similar case can be made for rubidium: at lower temperatures the enhanced loss is due to a decrease in membrane resistance, the difference being that the overall rate of loss is less, only 47% and 43% of total rubidium being lost after 6 h at I and 20 C, respectively. These results suggest different pathways for leucine and rubidium leakage, although difference in electrostatic free energy to bring an ion from an aqueous to lipid phase would play a role.
The effect of lowering temperatures in a model lipid bilayer is both to reduce fatty acid chain mobility and increased glycerol packing. Ion (1, lO). These results are interpreted in terms of pore formation at liquid and solid lipid domain boundaries (6) . The greater complexity of plant membrane lipid composition makes extrapolation from model studies difficult and tends to oversimplify the problem. It is possible that the increased complexity may cause discrete solid and liquid domains in the membrane with multiple phases coexisting, with the number increasing as temperature is lowered (14) . Hence, the increase in leucine below 5 to 10 C in chillingsensitive L. esculentum species and mung beans (Figs. 3 and 5 ) and the generally higher leakage of the more electrostatic rubidium below the same temperatures (Figs. 4 and 5) could be due to leakage at the boundaries of the phases, chilling-sensitive species having a greater number of multiple phases in the chilling range O to I10 C. An alternative explanation would be a change in membrane-bound proteins that control ion permeability. ATPase activity is dependent upon the lipid annulus suffounding it, with these lipids having a more restricted mobility (18) . Chilling temperature could further decrease the fluidity of these lipids, altering the activity of the membrane-bound proteins that control ion permeability.
The sequence of events following chilling and the presumed alteration of the physical state of the membrane is that leakage should increase in chilling-sensitive plants (8) . The shows that the character may provide a basis for selection (2) . Leakage from thin leaf strips at 0 C from a range of Passiflora spp. whose chilling tolerance ranges from sensitive to tolerant show a correlation between time and 50%o ion loss and chilling tolerance (11) . There was an obvious difference between the leakage of the different species used. Comparing leucine (Fig. 3a) with rubidium leakage (Fig. 3b) of the two L. esculentum varieties with L. hirsutum leakage of leucine (Fig. 4a) and rubidium (Fig. 4b), leucine leakage shows a small decline in leakage rate with lower temperature for the two altitudinal variants of L. hirsutum (Fig. 4a) , whereas the L. esculentum cultivars show a marked increase in leucine leakage rate below 5 C (Fig. 3b ). There is a slight increase in rubidium leakage in the two L. esculentum species below 5 C (Fig. 3b) similar to the response of the higher altitude chilling resistant L. hirsutum variants (Fig. 4b) .
A relationship exists between rubidium leakage rate at 1 C and the altitude of origin of L. hirsutum races (Fig. 4b) . The altitude of origin has previously been shown to be a good measure of chilling susceptibility (12) . This wild tomato, which is indigenous to the Andes of Ecuador and Peru, is found from sea level to 3,300 m. Varieties at the higher altitudes experience temperatures below 10 C throughout the year (minimum night temperatures), while varieties growing at sea level rarely or never experience temperatures below 18 C. Varieties from the lower altitudes are at least as chilling-sensitive as the domestic tomato L. esculentum (12) . The realtionship may not apply across genus boundaries, there being little difference in the rubidium leakage response of the two L. esculentum lines used, Rutgers and PI-341985 (Fig. 3b) . The latter line has been shown to have only the ability to germinate, not grow, at lower, chilling temperatures. The two L. esculentum varieties are similar to the higher altitude forms of L. hirsutum with regard to rubidium leakage. However, considerable difference was found in the rate of leucine leakage for these two lines (Fig. 3a) . The different response of rubidium leakage shown by the two chilling resistant species used as controls (Fig. 5b) , cabbage leaf tissue leakage rate declining with a decrease in temperature and lettuce's rate slowly increasing does not have a ready explanation. It is possible that lettuce may be injured at temperatures approaching zero whereas cabbage has a lower threshold temperature for damage.
